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I. Introduction
In this program we have developed a Novel Approach for New Radiation Sources based on current driven plasma instabilities (CDPI) in layered solid state systems. We have demonstrated the feasibility of generating CDPI in a variety of systems, and of conversion of the energy of the growing plasma waves to electromagnetic radiation. We have identified the most promising candidates for experimental verification and device applications within the class of uniform lower dimensional systems. In addition, we have preliminary indications that modulated lower dimensional systems would significantly enhance these effects. We have also stimulated experimental efforts to confirm the results of our investigations.
Section n provides a statement of the problem studied, section III summarizes the most important results and the last section lists all publications, and participating scientific personnel.
II. Statement of the Problem
The basic problem investigated in this program was a study of CDPI in solid state rystems, leading to a novel approach for generation or amplification of electromagnetic radiation in the millimeter and submillimeter ranges, with potential applications to a new class of devices.
The basic principle is to utilize the energy of & dc current passing through a plasma, which leads to a plasma-instability. The instability mechanism transfers the energy from the current to characteristic plasma waves which grow in amplitude. These waves, in turn, can er radiatively decay under an appropriate set up, emitting electromagnetic radiation in a $y predictable frequency range. Since then we completed our study of the growth rates of current driven plasma instabilities, and showed 10 that significant gains can be achieved in a variety of layered systems. We also developed a theory for the combined system of a grating coupler and the layered system which generates the instability, obtaining quantitatively for the systems studied the efficiency for conversion of the plasma wave energy into the electromagnetic radiation 11 . We also discovered that the grating can play an active role in generating a new instability, which is similar to the resistive wall instability.
In We have also studied 1317 novel lower dimensional systems (quantum wires and dots) for possible application as grating couplers which might offer special advantages. In contrast to the conventional metallic strip grating, a quantum wire (or dot) grating has its own characteristic frequency of oscillations, in the frequency domain of our interest.
Resonant interactions will occur when this characteristic frequency matches the frequency of the current driven plasma mode in the layered system beneath the wire array, and q, the momentum of the plasmon, matches the grating period. These interactions allow for direct coupling of the system to the electromagnetic radiation. A spontaneous emission of photons will occur due to the transition back from the excited state to the ground state.
In conclusion, we have now shown theoretically for various layered solid state systems that current driven plasma instabilities can be generated, plasma waves can grow and the energy can be radiated in the millimeter/submillimeter wave range. We find that the most promising semiconductor media are systems in the ballistic mode of operation 810 The threshold drifts in the non-ballistic mode of operation are higher and, while still achievable within the current state of the art technology, pose a practical problem. Our cumulative experience on this program leads us to suggest that ultimately the best systems could be the modulated lower dimensional systems. They can offer a twofold advantage:
the threshold drift velocities are significantly lowered, and the modulation acts as a built-in grating. Our recently initiated preliminary studies confirm this.
